Abstract New U-Pb zircon data from metagranites and metavolcanic rocks of the Schist-Graywacke Complex Domain and the Schistose Domain of Galicia Tras-
) and to the south by the similar, but less voluminous, Urra Formation (488-495 (Sola et al. 2008) ). Besides, inside the Central Iberian Zone, there are two main areas of pre-Variscan magmatic rocks. One, known since old, located in the northern part of the Schist-Graywacke Complex Domain including the gneisses of Guadarrama, Salamanca, Zamora and Toledo (hereafter called the Castilian gneisses), strongly affected by the Variscan deformation and metamorphism. The other, recently discovered, is located in the southern part of the SchistGraywacke Complex Domain; it includes de plutons of Gouveia ), Oledo and Zarza la Mayor (Corretgé et al. pers. com.) formed of unmetamorphosed and almost undeformed granites previously believed to be Variscan. The lineations of Castilian gneisses apparently continue toward the NW, in Schistose Domain of the Galicia Tras-os-Montes Zone (Fig. 1) , where small bodies of metagranites (hereafter called Galician gneisses) petrographically identical to Castilian gneisses are common.
Given the importance of the precise geochronology of the pre-Arenig magmatism for understanding the preVariscan evolution of Iberia, our research group initiated a long-term project to date it, having already completed a survey about the Ollo de Sapo Formation Montero et al. 2007; Montero et al. 2009 ). One of the first conclusions that emerged from this survey was that these rocks have an unusually high zircon inheritance and references therein), which has complicated extraordinarily dating them using conventional U-Pb on zircon concentrates. This, added to perturbations in the Rb-Sr and Sm-Nd isotopic systems caused by the Variscan deformation and metamorphism, makes mandatory using of single-crystal techniques, mainly high-resolution ion microprobe U-Pb in zircon, for obtaining accurate crystallization ages.
In this paper, we present the results of an extensive zircon U-Pb ion microprobe and LA-ICPMS study focused on both Castilian and Galician metagranitic gneisses, the precise geochronology of which was, for the most part, still poorly known. In total, we have studied 32 gneissic bodies, 22 Castilian and 10 Galician (Figs. 2 and 3) . The main objectives were to determine the range of crystallization ages of these rocks and the age populations in the inherited pre-magmatic cores. These data are then compared with the dataset already obtained on other Iberian pre-Arenig rocks and used to constrain the timing of the Cambro-Ordovician magmatism in central Iberia. Finally, the combination of these data with the ones of other igneous rocks of similar age from the European Variscan Belt enabled us to relate this magmatism with northern margin of Africa during Early Paleozoic.
Geological setting and petrography
The Central Iberian and the Galicia Tras-os-Montes Zones (Fig. 1) are located in the internal zone of the Iberian Massif, which is the westernmost part of the European Variscan Belt.
The Central Iberian Zone (see Pérez-Estaún and Bea 2004 and references therein) comprises Late Proterozoic to Early Paleozoic metasediments, felsic intrusive and extrusive preVariscan igneous rocks, and syn-or late-kinematic Variscan granitoids. It is divided into two domains, the small Ollo de Sapo Domain, to the north, mostly composed of the metavolcanic and metagranitic rocks of the Ollo de Sapo Formation, The geological scheme represents a section of the geological map of Spain (Alvaro et al. 1994 and the large Schist-Graywacke Complex Domain, to the south, characterized by the occurrence of a thick monotonous sequence of Late Proterozoic to Cambrian shales and sandstones with minor conglomerates and limestones.
In the northern part of the Schist-Graywacke Complex Domain, there are abundant pre-Variscan igneous rocks, mostly metagranites and a few metavolcanic rocks, concentrated in four areas: the Tormes Dome, the Anatectic Complex of Toledo, the northern part of the Gredos Sector of the Avila Batholith and especially Guadarrama, where they form an accumulation of batholithic dimensions (Fig. 2) .
The metagranites are mesocratic to leucocratic gneisses, fine-grained or augen, strongly deformed and variably metamorphosed from greenschist to anatexis. They are composed of K-feldspar or, rarely, plagioclase and/or quartz megacrysts embedded in a medium-to coarse-grained groundmass composed of quartz, plagioclase, K-feldspar, biotite and, locally, rare garnet, cordierite, muscovite and sillimanite. Apatite, zircon, monazite, Fe-oxides, xenotime, tourmaline, rutile and sulfides are accessory minerals. Most of these rocks were derived from intrusive granites, some of them rapakivi; the only ones which might have derived from a volcanic protolith crop out in the eastern part of the Guadarrama Range, near the La Berzosa fault. The chemical composition of both metagranitic and metavolcanic rocks corresponds to peraluminous, granodioritic to granitic rocks, with SiO 2 & 63-77 wt%, (Alvaro et al. 1994) . All the Cambro-Ordovician igneous bodies have been analyzed for U-Pb zircon geochronology except Sisargas (Farias et al. 1987; Arenas et al. 1988 ). The former is composed of Paleozoic metasediments, mostly schists, and pre-Variscan and Variscan magmatic rocks, predominately felsic; the latter, that is, the Allochthonous Complexes, consist of a superposition of allochthonous units formed of ophiolitic materials with arc and oceanic origin and terrains of continental affinity (Ries and Shackleton 1971; Arenas et al. 1986; Martínez Catalán et al. 1997) .
In the Schistose Domain, which supposedly is a tectonic unit placed over the Central Iberian Zone (Arenas et al. 2004 and references therein), there is a roughly curved NW-SE lineament of pre-Variscan metagranites that seem to be a continuation of the NW-SE alignment of igneous rocks of the same age from the northern part of the Schist-Graywacke Complex Domain (Fig. 3) . These Galician metagranites are mesocratic to leucocratic rocks, medium-to coarse-grained, all most often with augen textures, always deformed and frequently migmatized. Their mineralogy and textures are nearly identical to the Castilian gneisses. The chemical composition of these gneisses is also equivalent to the Castilian gneisses and corresponds to peraluminous, granodioritic to granitic rocks, with 
Samples and methods
For this study, we have sampled 22 Castilian gneisses and 10 Galician gneisses (Figs. 2, 3 ). Zircons from 28 samples were separated using conventional magnetic and heavyliquid techniques (Table 1) . Once mounted and polished, zircon grains were studied by cathodoluminescence imaging using a LEO 1430-VP scanning electronic microscope (SEM) at the Scientific Instrumentation Center (CIC) of the University of Granada. Subsequently, they were analyzed for U-Th-Pb using ion microprobe and a laser ablation ICP-MS techniques.
Ion microprobe analyses were done in a CAMECA IMS1270 instrument at the NORDSIM facility (Stockholm). Analytical methods broadly follow those described by Whitehouse et al. (1999) , Whitehouse and Kamber (2005) and references mentioned therein. U/Pb and Th/Pb ratios were calibrated using the Geostandards 91500 reference zircon (1,065 Ma (Wiedenbeck et al. 1995) ) and include a propagated error component from replicate analyses of 91500 during the analytical session. Errors on 207 Pb/ 206 Pb ratios are either the observed analytical uncertainty or the counting statistics error, whichever is highest. Common Pb, as revealed by monitoring 204 Pb, was in most cases relatively small and had little influence on the interpreted age. When required, common lead was corrected either using the ''207-correction'' which is calculated by projecting the uncorrected analyses onto concordia from the assumed common 207 Stacey and Kramers (1975) model at the calculated age. All ages are calculated using the decay constant recommendations of Steiger and Jäger (1977) .
LA-ICPMS analyses of Th, U and Pb isotopes were carried out with a Nd-YAG 213 nm Mercantek laser and a torch-shielded quadrupole Agilent 7500 ICP-MS spectrometer. The laser beam was set at a diameter of 60 lm, with a repetition rate of 10 Hz and an output energy of 75 %. The ablation time was 60 s, and the spot was preablated during 45 s with a laser output energy of 50 %. The ablation was done in a He atmosphere. 91 Zr was used as an internal standard. The external standard was the NIST-610 glass, which contains 434 ppm Ti, 439.9 ppm Zr, 417.7 ppm Hf, 409 ppm Pb, 457.1 ppm U and 450.6 ppm Th (Pearce et al. 1997 Pb/ 232 Th = 0.5402. U-Pb LA-ICPMS ages are in good agreement with ion microprobe data but show more dispersion and tend to be more discordant. The precision (1r) estimated on ten replicates of the NIST-610 analyzed in the same run was better than 2.5 % for element ratios and ca. 0.3 % for isotope ratios. U)age \ 0.9 were always rejected, except they plot in a well-defined discordia line. In the rest, common lead was corrected using the same methods as described in the previous section.
Sr and Nd isotopes from 26 samples were analyzed at the CIC of the University of Granada ( Note that Navas del Marques, Santa María de la Alameda, Prádena del Rincón and Sisargas have not been analyzed for U-Pb zircon geochronology in this paper
Zircon geochronology
U-Pb zircon data for each massif, including neoformed and inherited zircon, are plotted in a widescale Tera-Wasserburg concordia diagrams. The data corresponding to the youngest population, interpreted as the crystallization age, are also displayed in a Wetherill concordia plots. The crystallization ages of every massif are summarized in Table 1 . Calculated mean ages are 2 sigma ages. Complete U-Pb data are given in Tables 3 and 4 (Online Resources 1 and 2).
Castilian gneisses
The Tormes Dome
In this area, we sampled three metagranites in the west part of the Zamora and Salamanca provinces: Fermoselle, Vitigudino and Ledesma (Fig. 2) . Cathodoluminescence imaging revealed the presence of two morphological types: uniform grains with oscillatory magmatic zoning and composite grains formed of cores overgrown by discordant rims. The later are by far the more abundant, accounting for 74-82 % of the total. U-Pb ion microprobe dating reveals the following. In Fermoselle, there is a concordant or nearly concordant population composed of six points, with an average of 486 ± 6 Ma interpreted as the crystallization age (Fig. 4.1A and B). There are three older points at 568, 865 and 973 Ma and a younger age at approximately 407 Ma, which probably represents a mixture with a narrow Variscan overgrowth (Fig. 4.1A) .
In Vitigudino, there are two concordant populations (Fig. 4.2A ). The younger, and most abundant, found in rims, comprises nine points with a mean age of 489 ± 5 Ma, considered the age of crystallization (Fig. 4.2B) ; the older population, found in cores, consists of four points with a mean age of 591 ± 3 Ma. There are also one concordant point at 531 Ma, which probably represents a mixed age between the two populations mentioned above, and another three concordant points, one at 643 Ma and two at 1.0 Ga (Fig. 4.2A) . Finally, the Ledesma metagranite also has two concordant populations (Fig. 4.3A) . The youngest, consisted of five points, has a mean age of 471 ± 7 Ma, regarded as the 5-Castellanos; 6-Bercimuelle. Crosses represent LA-ICPMS data, and circles represent ion microprobe data crystallization age of the body (Fig. 4.3B) , and the second one is composed of three points with a mean age of 631 ± 21 Ma. There are also two older concordant points at 938 and 1156 Ma (Fig. 4.3A) .
In short, the crystallization ages for the three metagranites are 486 ± 6 Ma in Fermoselle, 489 ± 5 Ma in Vitigudino and 471 ± 7 Ma in Ledesma, which is therefore significantly younger than the others.
Northern Gredos
In this area, we sampled 3 metagranites: San Pelayo, Castellanos and Bercimuelle (Fig. 2) .
San Pelayo has two concordant populations of zircons (Fig. 4.4A) . The younger and most abundant, found in rims or uniform grains, is composed of nine points with a mean age of 492 ± 4 Ma, considered as the age of crystallization (Fig. 4.4B) . The older population, found in cores, comprises eleven points with a mean age of 604 ± 15 Ma. There are also some zircon cores that yielded older ages, one at 717 Ma, one at 912 Ma, four at about 2.0 Ga and one at about 2.6 Ga (Fig. 4.4A ). Apart from this, there are youngerthan-crystallization ages between 466 and 433 Ma, caused by tiny Variscan overgrowths (Fig. 4.4A) .
The Castellanos metagranite has three main concordant populations (Fig. 4.5A ). The most abundant includes fourteen points with a mean age of 498 ± 4 Ma regarded as the age of crystallization (Fig. 4 .5B). The other two populations consist of eight and seven points with mean ages of 548 ± 10 and 612 ± 10 Ma, respectively. There are also 4 older concordant points at 683 and 752 Ma, and 1.8 and 3.2 Ga (Fig. 4.5A) .
Zircons from the Bercimuelle metagranite display a highly complex age distribution with four concordant populations (Fig. 4.6A) . The youngest and most abundant, comprised sixteen points, has a mean age of 488 ± 3 Ma, which represents the age of crystallization (Fig. 4.6B) . The other three populations, interpreted as inherited, are composed of six, eleven and four points and have mean ages of 545 ± 3, 622 ± 12 and 747 ± 18 Ma, respectively. Additionally, there are some data clustering around 2.0 Ga and a discordia line with an upper intersection close to 2.7 Ga (Fig. 4.6A) .
It follows, therefore, that the Cambro-Ordovician gneisses of Gredos are older than their equivalents of the Tormes Dome: 492 ± 4 Ma in San Pelayo, 498 ± 4 Ma in Castellanos and 488 ± 3 Ma in Bercimuelle. It is worthy of emphasizing that the Castellanos and Bercimuelle metagranites have a well-defined inherited population at & 545 Ma, the age of the Almohalla orthogneiss and the most frequent inherited age in the migmatites of the neighboring Peña Negra anatectic complex (Bea et al. 2003) .
Guadarrama
Since Guadarrama is the largest domain of CambroOrdovician rocks in Spain, we studied eight metagranites (La Cañada, La Hoya, La Estación (I and II), mesocratic and leucocratic Vegas de Matute, La Morcuera and Buitrago de Lozoya) and three metavolcanic rocks (La Berzosa, El Cardoso and Riaza) (Fig. 2) .
La Cañada metagranite yields two concordant zircon populations (Fig. 5.1A) . The first, representing the crystallization age, consists of six points with a mean of 489 ± 9 Ma (Fig. 5.1B) ; the second, inherited, comprises five points with a mean age of 571 ± 14 Ma. Moreover, there are two data at about 1.7 and 2.7 Ga and several younger-than-crystallization ages between 338 and 440 Ma approximately, related to Variscan overgrowths (Fig. 5.1A) .
La Hoya metagranite has a concordant population, composed of six points, with a mean age of 478 ± 7 Ma, which represents the crystallization age (Fig. 5.2B ). There are also two isolated subconcordant points at 710 and 393 Ma (Fig. 5.2A) .
The slightly deformed coarse-grained facies of La Estación (La Estación I) yield a crystallization age of 490 ± 5 Ma (Fig. 5.3B ), calculated from ten nearly concordant points, and a few older ages at ca. 610, 650 and 920 Ma (Fig. 5.3A ). The extremely deformed, fine-grained facies (La Estación II), on the other hand, have only a population, consisted of six nearly concordant points, with a mean age of 473 ± 8 Ma (Fig. 5.4A and B) . Remarkably, it is one of the few studied Cambro-Ordovician Iberian rocks that has a little zircon inheritance.
The mesocratic facies of the Vegas de Matute metagranite has two main populations (Fig. 5.5A ): one concordant comprises nine points, with a mean age of 476 ± 5 Ma (Fig. 5 .5B), and other subconcordant consisted of seven points, at 574 ± 17 Ma. Besides, there are also two older points at 1.0 and 2.0 Ga approximately (Fig. 5.5A ). The leucocratic facies, on the other hand, has a nearly concordant population composed of thirteen points, with a mean age of 484 ± 6 Ma regarded as its crystallization age (Fig. 5.6B ). It also contains some Variscan overgrowths with probably mixed ages between 432 and 365 Ma approximately (Fig. 5.6A ).
La Morcuera metagranite contains two nearly concordant populations (Fig. 6.1A) . The most abundant one, with six points, has a mean age of 482 ± 8 Ma that represents the age of crystallization of this metagranite (Fig. 6.1B) . The second and less abundant one, with three points, has a mean age of 639 ± 13 Ma. There are also two nearly concordant ages, at 515 and 570 Ma approximately, which probably represent mixed ages between the two populations mentioned above, and another nearly concordant point at about 725 Ma (Fig. 6.1A) .
Finally, the U-Pb data of the Buitrago de Lozoya metagranite provide two small concordant populations (Fig. 6.2A) . The first, consisting of four points, yields a mean age of 481 ± 9 Ma, considered as the crystallization age of this body (Fig. 6.2B) ; the second, composed of three points, has a mean age of 547 ± 15 Ma. There are also (Fig. 6.2A) .
Regarding the SIMS U-Pb data of the metavolcanic rocks of Guadarrama, they are detailed as follows.
Zircons from the La Berzosa metavolcanic rocks reveal the presence of two nearly concordant populations (Fig. 6.3A) . The first consists of six points with a mean age of 462 ± 11 Ma that represents the crystallization age of these rocks (Fig. 6.3B ). The second comprises five points with a mean age of 613 ± 5 Ma. Moreover, there are three older concordant ages at 690 Ma, 2.0 and 2.7 Ga approximately (Fig. 6.3A) . The metavolcanic rocks of the El Cardoso yield a crystallization age of 483 ± 6 Ma calculated on nine points (Fig. 6.4B ). There are also some older subconcordant points at 599, 609, 658 and 870 Ma and a discordant point near 2.0 Ga (Fig. 6.4A ). Apart from this, there is a Variscan overgrowth at 321 Ma (Fig. 6.4A) .
Finally, the U-Pb data of the Riaza metavolcanic rocks reveal the existence of three concordant populations (Fig. 6.5A) . One is composed of six points with a mean age of 475 ± 5 Ma, which represents the crystallization age of these rocks (Fig. 6 .5B), and the other two populations consist of four points each with mean ages of 545 ± 11 and 599 ± 6 Ma. There are three older nearly concordant ages: two at 639 and 643 Ma and one at 2.0 Ga (Fig. 6.5A) .
To sum up, Cambro-Ordovician gneisses of Guardarrama are slightly younger than the analogs of Gredos: 490 ± 5 in La Estación I, 489 ± 9 in La Cañada, 484 ± 6 in Vegas de Matute (leucocratic), 483 ± 6 in El Cardoso, 482 ± 8 in La Morcuera, 481 ± 9 in Buitrago de Lozoya, 478 ± 7 in La Hoya, 476 ± 5 in Vegas de Matute (melanocratic), 475 ± 5 in Riaza, 473 ± 8 in La Estación II and 462 ± 11 Ma in La Berzosa. Furthermore, these gneisses have a high proportion of inherited cores that cluster around three well-defined populations at *545, *575 and *605 Ma. The first one has been also found in the gneisses of Gredos but the other two are observed for the first time in the Cambro-Ordovician igneous rocks from central Iberia. The *575-Ma population approximately correspond to the crystallization ages of Aljucén and Mérida mafic rocks (Bandrés et al. 2004; Talavera et al. 2008) . The other population at *605 Ma does not fit the crystallization age of any igneous body from central Spain but has been described in the Ollo de Sapo Formation as an inherited population (Montero et al. , 2009 ).
Anatectic Complex of Toledo
In the north of the Anatectic Complex of Toledo, we sampled two metagranites, Polán and Mohares (Fig. 2) . Cathodoluminescence images showed uniform grains, with magmatic oscillatory zoning, and grains with inherited cores in which percentage ranges between 76 and 80 %. SIMS U-Pb data reveal the following:
In Polán, there is a concordant population of six points with a mean age of 480 ± 8 Ma considered, therefore, as the crystallization age (Fig. 6.6B) ; there are also two older concordant points at 521 and 587 Ma and one younger-thancrystallization age at 429 Ma caused by a tiny Variscan overgrowth (Fig. 6.6A) .
The Mohares metagranite contains very little zircons. We analyzed just four uniform grains that yielded a mean age of 489 ± 7 Ma considered, therefore, as the age of crystallization of this body ( Fig. 7A and B) .
Galician gneisses
In the Schistose Domain of the Galicia Tras-os-Montes Zone, we sampled nine metagranites: Cherpa, Noia, Laxe, Pontevedra, Vilanova, Bangueses, Bande, Rial de Sabucedo and San Mamede (Fig. 3) . Zircons from these metagranites are either uniform with magmatic oscillatory zoning or composed of a magmatic rim and a pre-magmatic core. The percentage of grains with inherited cores ranges between 25 and 55 %.
In the Cherpa metagranite, sixteen concordant points define a population with a mean of 470 ± 6 Ma, considered as the crystallization age (Fig. 8.1B) . Besides, there are older ages at 558 and 630 Ma, two points at about 2.0 Ga and a discordia line with an upper intersection at 2.45 Ga (Fig. 8.1A) . Finally, there are younger-than-crystallization ages between 447 and 367 Ma, caused by Variscan overgrowths (Fig. 8.1A ).
In the Noia metagranite, there are nineteen concordant points with a mean age of 481 ± 5 Ma that we regard as the age of crystallization (Fig. 8.2B ). Besides this, there are older ages at 525, 591 and 612 Ma, two points at about 1.0 Ga and one point at about 2.0 Ga (Fig. 8.2A) .
The Laxe metagranite has two nearly concordant populations ( Fig. 8.3A) . The youngest and most abundant comprises sixteen points with a mean age of 497 ± 6 Ma, considered as the crystallization age (Fig. 8.3B) . The other population, less abundant, is composed of ten points with a mean age of 608 ± 9 Ma. There are also a few older points at 649, 651, 654, 677 and 713 Ma and a discordia line with an upper intersection at 2.6 Ga (Fig. 8.3A) . Finally, there are also younger-than-crystallization ages between 398 and 461 Ma (Fig. 8.3A) . The Pontevedra metagranite has a concordant population of fifteen points with a mean age of 475 ± 6 Ma, considered as the age of crystallization (Fig. 8.4B ). Besides this, there are older ages at 515, 546, 568 and 596 Ma and a discordia line with an upper intersection at 2.65 Ga (Fig. 8.4A ). Eventually, there are also younger-than-crystallization ages between 441 and 425 Ma (Fig. 8.4A ).
In the Vilanova metagranite, the youngest population comprises seven points with a mean age of 476 ± 9 Ma, regarded as the crystallization age (Fig. 8 .5B). The oldest (2013) 102:1-23 13 population is less abundant and consists of five points with a mean age of 541 ± 10 Ma. Additionally, there are a discordia line with an upper intersection at 2.1 Ga and younger-than-crystallization ages between 437 and 394 Ma (Fig. 8.5A ). The U-Pb LA-ICPMS and SIMS data of the Bangueses metagranite show a concordant population comprising ten points with a mean age of 482 ± 7 Ma, considered as the age of crystallization (Fig. 8.6B ). Besides this, there are three older ages at 519, 562 and 932 Ma and a discordia line with an upper intersection at ca. 1.9 Ga (Fig. 8.6A ). Finally, there are also younger-than-crystallization ages between 448 and 394 Ma (Fig. 8.6A ).
The Bande metagranite displays a nearly concordant population composed of eight points with a mean age of 462 ± 8 Ma, considered as the crystallization age of this body (Fig. 9.1B ). There are also older ages at about 1.0 Ga and a discordia line with an upper intersection at 2.3 Ga approximately, and a few younger-than-crystallization ages between 442 and 329 Ma caused by Variscan overgrowths (Fig. 9.1A ).
The Rial de Sabucedo metagranite shows two nearly concordant populations (Fig. 9.2A) . The youngest and most abundant one comprises ten points with a mean age of 480 ± 10 Ma, considered as the age of crystallization (Fig. 9.2B ). The less abundant population is composed of six points with a mean age of 576 ± 12 Ma. Besides these, there are five older ages at 631, 632, 657 and 766 Ma and ca. 2.85 Ga and a discordia line with an upper at 2.3 Ga (Fig. 9.2A) .
Finally, the San Mamede metagranite has two nearly concordant populations (Fig. 9.3A) . The youngest and most abundant comprises nineteen points with a mean age of 486 ± 8 Ma, considered as the crystallization age of this metagranite (Fig. 9.3B ). The second, and less abundant, consists of ten points with a mean age of 595 ± 8 Ma. There are also a considerable number of older ages that are at 675, 682, 747, 777, 801 and 940 Ma, two points at 1.0 Ga, and other three older ages at 2.0, 2.1 and 2.5 Ga (Fig. 9.3A) , plus two discordia lines with upper intersections at ca 2.3 Ga and ca 2.6 Ga (Fig. 9.3A) . Finally, there are four younger-than-crystallization ages between 434 and 380 Ma caused by Variscan overgrowths (Fig. 9.3A) .
To summarize, the crystallization ages of the Galician gneisses are equivalent to the ones of Castilian gneisses and they are as follows: 497 ± 6 in Laxe, 486 ± 8 in San Mamede, 482 ± 7 in Bangueses, 481 ± 5 in Noia, 480 ± 10 in Rial de Sabucedo, 476 ± 9 in Vilanova, 475 ± 6 in Pontevedra, 470 ± 6 in Cherpa and 462 ± 8 Ma in Bande. These gneisses also have three inherited populations at *545, *575 and *605 Ma similar to the ones of the Castilian gneisses.
Discussion
Age and nature of the Cambro-Ordovician magmatism Our data reveal that the Cambro-Ordovician magmatism of the northern part of the Schist-Graywacke Complex Crosses represent LA-ICPMS data, and circles represent ion microprobe data Domain and the Schistose Domain of the Galicia Tras-osMontes Zone is coeval. It took place between 498 and 462 Ma, with the magmatic activity peaking at 485 and 480 Ma, respectively. Table 1 summarizes the estimated crystallization ages of all studied bodies. According to the cathodoluminescence imaging and U-Pb data, zircons from the Cambro-Ordovician rocks of the two domains have an elevated percentage of inherited cores, between 52 and 94 % in the Castilian gneisses and between 25 and 55 % in the Galician gneisses (Fig. 10) .
The main part of inherited zircons are Ediacaran. These form three populations with mean ages at 545 ± 3 (n = 28), 575 ± 4 (n = 21) and 611 ± 5 (n = 44) Ma in the Castilian gneisses and 545 ± 6 (n = 15), 578 ± 5 (n = 14) and 607 ± 5 (n = 28) Ma in the Galician gneisses, identical within errors (Fig. 11) . Both groups of gneisses also have similar older-than-Ediacaran inherited ages. These ages seem to cluster into several populations, being recognizable Cryogenian (650-700 Ma), Tonian (850-1,000 Ma), Mesoproterozoic (1.0-1.2 Ga), Orosirian (1.9-2.0 Ga), Neoarchean (2.5-2.6 Ga) zircons (Fig. 11) . In Castellanos metagranite from northern Gredos, we also found an inherited core of Mesoarchean age (3.2 Ga) (Fig. 11) .
Besides the closely similar crystallization age and virtually identical distribution of the age of inherited zircon components, the metagranites and metavolcanic rocks of both areas also have almost the same average isotopic composition. Based on lithological and tectonometamorphic similarities between the Schistose Domain of Galicia Tras-osMontes Zone and Central Iberian Zone, Arenas et al. (2004) proposed that the Schistose Domain had not been strongly displaced from its original position and consequently would not be an allochthonous terrane but a tectonic unit. Our data confirm this opinion because the identical age and isotope signature indicate that the Cambro-Ordovician magmatism of the two areas derived from a similar source.
Comparison with the Cambro-Ordovician magmatism of other zones of the Central Iberian Zone and European Variscan Belt
The Central Iberian Zone contains three other lineaments of Cambro-Ordovician igneous rocks ( Fig. 1) : to the north, near the boundary with the Western Asturian-Leonian Zone, the Ollo de Sapo Formation; to the south, near the boundary with the Ossa Morena Zone, the Urra Formation and Portalegre and Carrascal granitoids; and in the middlesouth, the plutons of Oledo ), Gouveia ) and Zarza (Corretgé et al. pers. com.), which, in contrast with the rest of Iberian Cambro-Ordovician Rocks, comprise undeformed, or slightly deformed, granitoids previously interpreted as Variscan.
The magmatism in the Ollo de Sapo and the Urra formations peaked at 490 Ma (Sola et al. 2006 (Sola et al. , 2008 Bea et al. 2006; Montero et al. 2007 Montero et al. , 2009 , slightly before than in the two areas studied here (480-485 Ma), and also contains an abnormally high fraction of zircons with inherited cores (see Bea et al. (2007) and references therein). The distribution of inherited ages, however, is slightly different (Fig. 12) . Whereas the Ollo de Sapo and Urra formations have just one Ediacaran population at 600-610 Ma, the Castilian and Galician gneisses show three distinctive Ediacaran-Early Cambrian populations at 540-550, 575-585 and 605-615 Ma (Fig. 12) . The Nd isotopic composition is also slightly more primitive (Fig. 13) , with an average T DM = 1.41 Ga and (e Nd ) 485Ma = -2.7. It seems therefore that the source rocks, despite the same Pan-African linkage, were slightly different. Despite the scarcity of data about the undeformed Cambro-Ordovician granitoids of the Gouveia-Oledo-Zarza lineation, they seem to be different from the rest of the Iberian Cambro-Ordovician magmatic rocks. Antunes et al. (2009) and Neiva et al. (2009) have studied the Portuguese granitoids founding that the zircon inheritance is small and that the Nd and Sr isotopic composition is notably more primitive (Fig 13) . Certainly, more studies are required to place properly these rocks within the framework of the Cambro-Ordovician magmatism of Iberia.
Rocks similar to the ones described here are found all over the European Variscan Belt, where a large volume of granodioritic-granitic intrusions and metavolcanic rocks was generated between 510 and 470 Ma. As in Iberia, these rocks have an important zircon inheritance with an age distribution ranging from 540 Ma to 2.9 Ga (Fig. 14 and references therein) with the following distribution: three Ediacaran-Early Cambrian (530-540, 570-580 and 610-620 Ma) and one Orosirian (1.9-2.0 Ga) (Fig. 14) . There are also an important percentage of Cryogenian and Fig. 11 Age distribution pattern found in zircons of Castilian and Galician gneisses. Built from U-Pb SIMS and LA-ICPMS data of these rocks Fig. 12 Distribution of the U-Pb zircon ages for 1 metagranites and metavolcanic rocks from Ollo de Sapo Domain; 2 Urra Formation and Portalegre and Carrascal granitoids; and 3 Castilian and Galician gneisses. Built from U-Pb SIMS and LA-ICPMS data of these rocks Tonian ages with a wide range of ages (Fig. 14) . Apart from this, there are also some Mesoproterozoic (1.0-1.25 Ga) and Neo-(2.5-2.7 Ga) and Mesoarchean (2.9 Ga) ages (Fig. 14) .
It is clear, therefore, that about 65 % of pre-magmatic cores of these rocks are Ediacaran-Early Cambrian, thus suggesting that the protolith of the European CambroOrdovician magmatism was mostly composed of Panafrican igneous rocks, as in Iberia (Fig. 15) . This hypothesis is supported by the Sr-Nd isotopes of Panafrican igneous rocks from the European Variscan Belt (Mérida, Iberian Massif (Bandrés et al. 2004 ), Saxo-Thuringian Zone, Bohemian Massif (Kroner et al. 1994 (Kroner et al. , 1995 Tichomirowa et al. 2001; Linnemann and Romer 2002) ). The Sr-Nd isotopic composition of these rocks, recalculated to 485 Ma, is similar to the one of the Cambro-Ordovician rocks (Fig. 16) & -3.5 (range: 3.0 to -7.8 ) and T DM & 1.58 (range: 1.14-2.37) in the Cambro-Ordovician rocks. This resemblance would indicate that CambroOrdovician magmas would have been generated by partial melting of Panafrican rocks similar to Europe with no significant contribution of mafic magmas except in some rocks from Black Forest and Central Iberian Zone.
The remaining 35 % of inherited cores point out to the existence of an older-than-Ediacaran component which could have also been present in the source of the CambroOrdovician magmas from the European Variscides. This contribution is also suggested by the fact that Nd model ages (T DM ) of these igneous rocks peak at 1.45-1.55 Ga (Fig. 17 and references therein) . This age has been interpreted as a proof of the involvement of a Mesoproterozoic crust, as main source, in the generation of the CambroOrdovician magmas by Fernández-Suárez et al. (2000) and Murphy et al. (2008) . However, the lack of zircons with this age and the almost universal simultaneous occurrence of Ediacaran to Paleoproterozoic inherited zircons reject that idea and suggest that the 1.5-Ga Nd model age would be the result of the mixture of different components, as suggested by Bea et al. (2011a Bea et al. ( , 2011b .
The Cambro-Ordovician magmatism of the European Variscan Belt has been related during the last decade to the opening of the Rheic ocean in the Early Paleozoic caused by the detachment of several Neoproterozoic arc terranes from the continental margin of northern Gondwana (Nance et al. 2010) . These terranes, called Cadomia, have been supposed to be attached to the West African Craton, considered the only possible source for the Archean components (Nance et al. 2010) . Nevertheless, recent U-Pb dating on zircons from Tuareg Shield (Algeria) (Henry et al. 2009; Fezaa et al. 2010) , western Egypt (Bea et al. , 2011a and north-central Sudan (Kuster et al. 2008) has revealed the presence of older than Panafrican, Paleoproterozoic to Archean igneous rocks in the central-eastern part of north Africa, in the region known as the Saharan Metacraton (Abdelsalam et al. 2002) Bertrand et al. 2000; Turniak et al. 2000; Deloule et al. 2002; Guillot et al. 2002; Drost et al. 2004; Friedl et al. 2004; Linnemann et al. 2004; Mingram et al. 2004; Teipel et al. 2004; Helbing and Tiepolo 2005; Giacomini et al. 2006; Alexandre 2007; Kryza et al. 2007; Linnemann et al. 2007; Castiñeiras et al. 2008; Kryza et al. 2008; Mazur et al. 2010; Melleton et al. 2010; Oberc-Dziedzic et al. 2010; Oggiano et al. 2010 Int J Earth Sci (Geol Rundsch) (2013) 102:1-23 17
Saharan Metacraton and Cambro-Ordovician igneous rocks from European Variscan Belt is essential. From the comparison of all available geochronological and isotopic data of these rocks, some similarities are distinguished. On the one hand, Panafrican rocks from West African Craton show crystallization ages, from 532 to 625 Ma, with two main peaks at 545-550 and 610-615 Ma (Fig. 15 ) (Compston et al. 1992; Walsh et al. 2002; Gasquet et al. 2004 Gasquet et al. , 2005 Eddif et al. 2007; Pouclet et al. 2008; El Hadi et al. 2010 ), similar to Ediacaran-Early Cambrian inherited populations of the European Cambro-Ordovician igneous rocks. The Sr-Nd isotopic composition of these Panafrican rocks is also comparable to the last ones (Fig. 16) (Gasquet et al. 2005; Barbey et al. 2001) . However, zircon inheritance of these rocks is scarce, with only a few pre-magmatic cores at 700 Ma and 1.8 and 2.2 Ga (Fig. 15) , and Nd model ages (T DM ) are younger, with a peak at 1.15-1.25 Ga (Fig. 17) .
On the other hand, Panafrican rocks from Saharan Metacraton also display crystallization ages, from 555 to 615 Ma, with two main peaks at 555-560 and 610-615 Ma (Fig. 15) (Kuster et al. 2008; Henry et al. 2009; Bea et al. 2010; Fezaa et al. 2010 ), equivalent to Ediacaran-Early Cambrian inherited populations of the Cambro-Ordovician igneous rocks from Europe. Furthermore, the Sr isotopic composition of these rocks is similar to the European Cambro-Ordovician igneous rocks and clusters around ( 87 Sr/ 86 Sr) 485Ma & 0.709 (range: 0.704-0.73). However, the Nd isotopic composition is slightly different, with a (e Nd ) 485Ma & -6.3 (range: 2.2 to -11.8) (Kuster et al. 2008; Bea et al. 2010; Fezaa et al. 2010) . These Panafrican rocks have not only a lower average (e Nd ) 485Ma but also a significant percentage of (e Nd ) 485Ma \ -8, which has not been described in the European Cambro-Ordovician igneous rocks. A similar percentage of (e Nd ) 485Ma \ -8 has Kroner et al. 1994 Kroner et al. , 1995 Kroner et al. , 2001 Siebel et al. 1997; Kroner and Hegner 1998; Tichomirowa et al. 2001; Chen et al. 2002; Linnemann and Romer 2002; Bandrés et al. 2004; Mingram et al. 2004; Teipel et al. 2004; Lange et al. 2005; Montero et al. 2007; Pin and Waldhausrova 2007; Sola 2007; Hasalova et al. 2008; Sola et al. 2008; Antunes et al. 2009; Montero et al. 2009; Neiva et al. 2009 been reported in the Panafrican igneous rocks from Iberian and Bohemian massifs (Fig. 16) . The Panafrican rocks from Saharan Metacraton also have a significant zircon inheritance, composed of Cryogenian, Tonian, Mesoproterozoic, Orosirian and Archean cores (Fig. 15) , and Nd model ages (T DM ) with a peak at 1.45-1.55 Ga (Fig. 17) .
It (Villaseca et al. 2011 ) and the paleogeographic reconstructions of NW Iberia for Lower Paleozoic times (Gutiérrez-Marco et al. 2002) . Hf isotopic data in granulite zircons show a cryptic presence of a minor Mesoproterozoic mantle input at 1.0-1.2 Ga in the granulite-facies rocks from central Spain that coincides with a crustal generation events in central Africa at 1.0-1.3 Ga (Villaseca et al. 2011) . Moreover, the paleographic reconstructions, based on benthic faunas, indicate that NW Iberia would have been located near the Algerian Sahara or Libya during Lower Paleozoic (Gutiérrez-Marco et al. 2002) .
Summary and conclusions
The main conclusions of this work can be summarized as follows:
The Cambro-Ordovician magmatism from the northern part of the Schist-Graywacke Complex Domain and the Schistose Domain of Galicia Tras-os-Montes Zone occurred almost at the same time. This magmatism started at 498 Ma, reached a maximum at 485 in the Castilian gneisses and 480 in the Galician gneisses and ceased at 462 Ma. This magmatism is characterized by an important zircon inheritance, ranging from 54 to 94 % in the Castilian gneisses and from 25 to 55 % in the Galician gneisses. Most of these pre-magmatic cores are Ediacaran-Early Cambrian which mainly cluster around three well-defined populations at 545-550, 575-580 and 605-610 Ma. Minor Cryogenian (650-700 Ma), Tonian (850-1,000 Ma), Orosirian (1.9-2.0 Ga), Mesoproterozoic (1.0-1.2 Ga) and Neo-(2.5-2.6 Ga) and Mesoarchean (3.2 Ga) cores are also found.
The Sr-Nd isotopic composition of the Castilian and Galician gneisses is almost identical with an average of The zircon inheritance and Sr-Nd isotopic composition of the Castilian and Galician gneisses are slightly different from the rest of the Cambro-Ordovician igneous rocks from central Iberia. Ollo de Sapo and Urra formations, located in the north and south edges respectively, have only one Ediacaran population of inherited cores at 600-610 Ma and a more primitive Sr-Nd isotopic composition, with an average (e Nd ) 485Ma = -2.7 and T DM = 1.41 Ga (Sola et al. 2006 (Sola et al. , 2008 Bea et al. 2006; Montero et al. 2007 Montero et al. , 2009 ). The Gouveia-Oledo-Zarza granitoids, located in the middle-south, has a very small zircon inheritance and a more primitive Sr-Nd isotopic composition Neiva et al. 2009 ). Despite these differences, most of the Cambro-Ordovician igneous rocks from central and NW Iberia seem to have an important Ediacaran component, which suggests that the protolith of these igneous rocks was mainly composed of Panafrican rocks.
Cambro-Ordovician magmatism is widespread in the European Variscan Belt and has similar features to the one of central and NW Iberia. The zircon inheritance is also very high and mostly gathers in three populations at 539, 575 and 612 Ma. Minor Meso-and Paleoproterozoic and Neo-and Mesoarchean cores are also present. Furthermore, the Sr-Nd isotopic composition is characterized by an average of ( 87 Sr/ 86 Sr) 485Ma & 0.709, (e Nd ) 485Ma & -3.5, T DM & 1.58 Ma. The similar zircon inheritance and isotopic composition of the Cambro-Ordovician igneous rocks from central and NW Iberia and the rest of the European Variscan Belt indicate that this magmatism was generated by the melting of Ediacaran-Early Cambrian rocks, and minor older-than-Ediacaran rocks, with no significant contribution of mafic magmas except for some igneous rocks from Iberian Massif and Black Forest.
The comparison between Cambro-Ordovician igneous rocks from the European Variscan Belt and Panafrican igneous rocks from West African Craton and Saharan Metacraton suggests that the zircon inheritance, with Meso-and Paleoproterozoic and Archean cores, and Nd model ages, with a peak at 1.45-1.55 Ga, of the Panafrican igneous rocks from Saharan Metacraton match better with the ones of the European Cambro-Ordovician igneous rocks. Therefore, we suggest that Cadomia, or Neoproterozoic arc terranes from northern Gondwana, was attached to Saharan Metacraton during Early Paleozoic.
